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Abstract 
This present work evaluates the performance of extreme bike scenarios for partners-cities of the Central Europe project 
“BICY”. With extreme bike scenarios we mean that a city has implemented the best possible conditions for cycling. Our 
analyses confirm that approximately half of all urban trips are less than five km and could be done by bike. Some cities in the 
Netherlands have shown that bike mode shares of 40% and higher can be achieved. The question is how much cycling 
infrastructure and investments are required to convert a city into a top cycling city and what would be the benefits? 
For the purpose of establishing a quantitative relation between infrastructure investments, increase in cycling and effects on 
the environment and health, we reduce the cycling conditions to the presence of cycling infrastructure. It is shown that such a 
reduction is a conservative assumption as promotion, mobility management and education are low cost measures to increase 
bike mode share even without expanding the cycling network. The health benefits have been calculated using the HEAT 
framework developed by the World Health Organization. This is a standard to determine the costs of lives saved due to 
reduced mortality as a consequence of more physical exercise. 
Gathering official data and detailed information from mobility surveys in 13 central European cities with low to medium-high 
cycling levels, we have estimated the potential bike share with an average of approximately 50%, the required cycling 
infrastructure necessary to reach the potential between 30 and 370km of exclusive bikeways and cycling infrastructure costs 
between 10-60Million . The expected benefits/cost ratios have been found between 1.2 and 15, average 5.7. However, 
analyse of current stated preferences show that the share of persons willing to start cycling is far less than the potential, even 
if ideal cycling conditions were provided.  
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1. Introduction 
1.1. Cost benefit analyses for cycling 
The primary goal of this paper is to estimate the cost-benefit of the health effects due to an increased level of 
cycling. Analyzing the justification for bicycle facilities has been a vexing goal for generations. By the end of the 
60th the literature shows earnest efforts Everett (1977). The complexity of the inquiry, coupled with a lack of 
large-scale studies, and a lack shortage of real-world environments in which to base such studies, made such 
analyses difficult until recently. Sælensminde (2004) performed a cost benefit analyses for the construction of 
new walking and cycling tracks in three Norwegian cities, quantifying not only reduced health care costs, but also 
saved parking costs, reduced CO2 emissions and the benefits of reduced “insecurity felt” by bicyclists. He found 
that health related costs were the dominant cost factor (60-75%) while the overall benefit cost ratio have been  
estimated with  4-5. However, the change in demand due to the new walking and cycling facilities have been 
minimum-maximum assumptions backed up by elasticity models and taking into consideration the feeling of 
“reduced insecurity”. Noteworthy is the study of Börjesson and Eliasson (2012), modelling  the time benefit for 
cyclists riding on a bike path versus riding on streets. 
Concerning health benefits, recent studies have formed a solid argument that health benefits outweigh the risk 
of having an accident; the health benefits of bicycling outweigh such risks by as much as 20:1, (British Medical 
Association, 1992; Hillman, 1992). A recent health impact analysis predicted mortality in Barcelona, limited to 
traffic incidents and air pollution, found that an increase in bicycling would save lives: not only bicyclists would 
fare better, but all residents would, due to reduced air pollution; the benefits of a shift to bicycling were greater 
than those of shifting to public transport Oja P et al. (2011). The literature is now complete enough to include 
powerful studies conducted in major cycling cities allowing predictions across many cities (De Hartog ET ALII, 
2010; Cavill, 2008; Andersen, 2000). These and many more studies consistently find that the benefits outweigh 
the risks.  
Some thematic areas where, at least in theory, benefits of bicycling might be demonstrated via CBA analysis 
include: Economic benefits, both local and national; Environmental benefits, including reduction of air- and noise 
pollution, and wildlife protections; Worker productivity; social benefits, including community cohesion; Mental 
health and intelligence benefits; emissions reductions, including greenhouse gas (GHG) reductions.   
These benefits should only increase as bicycling increases, for an array of reasons including the expected 
“Safety in Numbers” effect, (Jacobsen 2003), whereby the risk to each cyclist would be reduced with each 
additional cyclist, thus promising exponentially increasing, rather than linear, returns. Unfortunately there is only 
limited data, and few studies are available, for most of these thematic areas, despite the theoretical basis that 
major benefits to individuals and society would be found, and externalities are not always easy to monetize. 
 
Nomenclature 
B Bike mode share in % 
I Cycling index in meter exclusive bikeway per inhabitant 
S  Slope (model parameter) 
B0 Base bike mode share in % (model parameter) 
BT Target or potential bike mode share in %  
IT Target cycling index in meter exclusive bikeway per inhabitant 
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1.2. Potential demand and infrastructure requirements 
The second problem addressed is how much cycling infrastructure is necessary to achieve the potential bike 
mode share. There is no general agreement on how to estimate the potential bike mode share of a city,  but 
there’re are statistics indicating that trips below 5km appear to be an acceptable distance to cycle. The share of 
bike trips below five km has shown a high bike share of approximately 37% in the Netherlands and 25% in 
Germany. While the bike share drops significantly above trip length of 5km, see (Pucher AND Buehler, 2008). 
For the present study we assume the potential bike mode share is reached if all regularly trips within distances 
below 5km are performed by bike.  
Efforts to establish norms for data collection in bicycle transport research led to the BICY survey 
methodology which in turn produced a series of predictive tools available for use in this inquiry. The data 
provided by the BICY survey allowed us to estimates the bike mode share as a function of cycling infrastructure 
per inhabitant. Based on this simple model, the infrastructure and investments required to reach the potential bike 
mode share can estimated (Schweizer et al, 2012).  
In section 2 we model the relationship between bike infrastructure and bike mode share. In section 3 we 
estimate the required infrastructure costs and potential bike mode share. In section 4 the health economic benefit 
and cost benefit ratios are determined. Finally in section 5 we summarize the key findings and draw some 
conclusions.  
2. Cycling infrastructure model 
Here we present a simple model that describes the relationship between cycling infrastructure and bike mode 
share. This will later be needed to estimate the required infrastructure to reach a certain level of cycling, and to 
assess the costs to build it. The BICY project provided sufficient data to calibrate such a model.  After conducting 
intercept surveys in 14 cities in Central Europe (with approximately 9000 evaluated questionnairs) and analyzing 
a variety of data sources, including official indicator data cross-validated with OpenStreetMap online spatial 
analysis resources, a surprisingly strong linear relationship was found (Schweizer& Meggs& Dehkordi& Rupi& 
Pashkevich, 2012).  
Bicycling was found to increase in direct linear proportion to the length of bikeways provided per capita (R2 = 
0.81) , see Fig. 1. For this purpose, bikeways are defined as any facility intended exclusively for travel by bicycle 
and similar means of conveyance (e.g., bicycle paths, bike lanes, and cycle tracks).  
Note that there is a large amount of errors attached to each of the data points in Fig. 1: the bike mode share has 
some severe short comings as the survey has not been representative (but statistically corrected); the uncertainties 
of the time information given by the interviewee and much more. Also the quantification of the bikeway length 
added uncertainties, as there are different counting methods, types of cycle-ways, different dates when the last 
counting occurred and much more. There are also systematic errors. Comacchio for example has many cycle 
ways outside the core city, which means for the residents the cycling index is possibly lower. Ferrara should have 
a higher cycling index as there is an extended pedestrian zone in the historic city centre, which has not been 
counted as bikeway.  Erfurt has been surveyed in the historic centre only which is traffic calmed and car access 
restricted: this fact led to a significant overestimation of the bike mode share. Bologna has been used to test the 
survey, the mode share results are included, but it has not been used for further evaluation because of incomplete 
data.  
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Fig. 1. Bike mode share B in % versus cycling index I in meters bikeway per inhabitant for BICI partner cities. 
Yet, it appears that the many errors average out and the correlation is fairly  good. The linear relation between the 
bicycle index I and the bike mode share B is expressed by 
 0BSIB +=  (1) 
where S is the slope and B0 is the base mode share (bike mode share in absents of cycling infrastructure). Taking 
all partner cities together (as shown in Fig. 1) and performing a linear regression, we obtain for  S=18.136 and 
B0=2.7%. Analyzing this relationship in more detail, we have found that the cycling index I is more important for 
the bigger cities than for the small cities. In fact, the slope of the linear regression line in cities above 100,000 
inhabitants resulted in a slope S = 27.82 and base share B0 = 1.2% (R2=0.916), while for towns with population 
less than 100,000 inhabitants (here only) the model parameters have been S = 15.8 and B0 = 2% (R2=0.891). 
However there are only 6 small and 7 larger. 
3. Potential mode share and infrastructure costs 
In this section we present the potential bike mode share as a result of the BICY survey, and then estimate 
bikeway length and infrastructure costs necessary to achieve the target bike mode share.  The potential  bike 
mode share  is the current bike mode share plus the share of trips below 5km which are currently not performed 
by bike. Averaged over all cities, approximately 50% of all regular trips could be performed by bike. However, 
large cities (Prague) or satellite type cities (example Budaors near Budapest) show a lower potential bike share, 
mainly due to longer average trip-distances.  Figure 2 shows the potential bike mode share for each surveyed city, 
together with the current bike mode share.  
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Fig. 2. Potential (target) bike mode share, bike mode share for maximum infrastructure scenario (continuous bike path and bicycle parking are 
provided everywhere) compared with current bike mode share. 
 
During the BICY mobility survey, the interviewees who do currently not cycle  (but who could use a bike due to 
a short travel distance)  have been ask if they would regularly use a bike in the following future scenario (called 
Maximum infrastructure scenario): a continuous bike path everywhere and sufficient bicycle parking facilities 
will be provided. The bike mode share in the Maximum infrastructure scenario is also shown in Fig.2. This 
comparison suggests that currently the potential cannot be achieved even with ideal bike infrastructure. This 
means that bike infrastructure building must be accompanied with promotional, educational and complementary 
measures. However, in order to quantify the necessary investments we assume that infrastructure is the only 
cause for the increase in cycling. In this case, we can use the model in Eq. (1) to determine the bicycle index and 
finally the bikeway length required to reach the target bike share for each city 
SBBI TT /)( 0−=        (2) 
where BT is the target (or potential) mode share of each city and IT  is the respective target cycling index. 
Multiplying the target cycling index with the population of each city one can obtain the target length of the 
cycling network. The length of bikeway that needs to be built is the target bikeways length less the length of 
bikeways already built. The length of bikeway to be built in order to achieve the target bike mode share, together 
with the already implemented bikeways (in year 2008) is shown in Fig. 3. Obviously some of the target cycling 
index and target length are unrealistically high. In particular, the cities Comacchio, Cervia, SNV, Koper and 
Velenje show a target cycling index of much more than 2m per inhabitant.  This means for those cities it may not 
be necessary to built as much bikeways as foreseen by the target bikeway length. Instead one could focus 
simultaneously implement other measures such as promotion, education or the installation of a bike sharing 
schemes as to make it as easy as possible to start cycling. 
 The investments costs for the bikeways to be built can be estimated based on the per-km bikeway costs provided 
by the partners. There is an important distinction to be made between physical bikeways (new construction) and 
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marked bikeways (marked bicycle lane on already existing road). Both bicycle ways are separated and exclusive, 
but the costs per km differ significantly as shown in Table 1. 
 
 
Fig. 3. Length of bikeway in km to be built in order to achieve the target bike mode share (see Fig. 3), and comparison with present bikeway 
length. 
Table 1. Investment costs for marked and physical bikeway in /km. 
 Costs [ ] marked Bikeway per km  Costs[ ] physical Bikeway per km  
Ferrara 22,000 250,000 
Comacchio 18,500 200,000 
Ravenna 22,000 250,000 
Cervia 18,500 200,000 
Graz 26,000 377,500 
Erfurt 26,000 377,500 
Košice 26,000 200,000 
Michalovce 26,000 150,000 
SNV 26,000 224,000 
Prague 5 26,000 400,000  
Koper 13,000 137,500 
Velenje 13,000 120,000 
Budaörs 14,000 160,000 
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Note that the costs have been estimated for some partners based on costs from similar countries. If none, or 
unrealistic costs have been provided then the maximum costs of 26k /km for marked and 400k /km for phy sical 
bikeways have been assumed. For the cost estimations of the bikeways to be built, we assumed that 50% are 
implemented by marking lanes and the other half by building new physical bikeways. Note that the choice on 
how to implement bikeways has a significant impact on the total investments. 
 
Fig. 4. Costs to implement the bikeways that would provide the city with the target cycling index. Costs in Million Euros were calculated for 
two different assumptions (1) 50% of new bikeways are new physical bikeways and 50% are marked lanes; (2)  100% of new bikeways are 
marked lanes. 
The total implementation costs in million  are sho wn in Fig. 4. Even though the target bikeway length seems 
ambitious, the total implementation costs for bikeways do not seem excessively high compared with other major 
transport infrastructure projects (for example a new 1km tram line costs approximately 15Million ). Mo st cities 
(except Graz and Kosice) could built all the bikeways (with 50% new and 50% on marked lanes) for 30Million  
and less. Implementing all new bike infrastructure with marked lanes, all cities could built the target bikeway 
length for less than 10Million , and all, except Gr az and Kosice, could implement the new lanes for less than 
5Million . 
Erfurt had to be excluded for this projections because the total bikeway length has been provided for the entire 
city whereas the bike mode share has validity in the inner city only, which distorted the estimates to an unrealistic 
value.  
4. Health economic benefits 
The BICY project decided to conduct a standardized health economic benefit analyses, established by the 
World Health Organization (WHO). The health benefit of regular cycling is a major concern shared by cyclists 
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from all participating nations. Physical inactivity is a significant public health problem in most regions of the 
world, which is unlikely to be solved by classical health promotion approaches alone. 
4.1. The HEAT method 
The Health Economic Assessment Tool (HEAT) is an on-line software developed by the World Health 
Organization (WHO) that allows to determine the health benefit from regular cycling of adult persons, see World 
Health Organization (2011). The major inputs to be provided for the HEAT study are: (i) The increase of adult 
(regular) bikers, as a consequence of the implemented measures formulated in the bicycle policy (in the present 
case only the improved bicycle infrastructure). This projection is the most difficult to estimate as an assumption 
is needed on how many more people will cycle in the future.  For the BICY project, it has been assumed that the 
potential bicycle mode (see Figure 3) will be reached within 10 years. It is further assumed that after 5 years the 
health benefits are noticeable. (ii) The time an adult and regular bikers spends on cycling per year (currently and 
when policies will be implemented). This  quantity is not trivial to estimates as it is generally not known how 
much time potential bikers cycle per day or per year. However, from the BICY mobility survey it is known how 
much  time people spend in traffic today. Substituting the present transport mode by bike and assuming certain 
average speeds, the cycling time has been estimated for all potential bikers. For all who cycle today, the time 
spent on bike per day is taken directly from the survey.  (iii) The relative risk (RR) of death when cycling, with 
respect to not cycling. This value is RR=0.72 and has been estimated with large scale surveys in Andersen 
(2000).This means essentially that the risk of death is reduced because the health benefits; (iv) The mortality rate 
is dependent on the country and has been found in official statistics. (v) The “value of a statistical life” (VSL); 
this is the cost of one saved life in the eye of the potential victim. It is most commonly derived using a 
methodology called “willingness to pay” to avoid death in relation to the years this person can expect to live 
according to the statistical life expectancy. The UNITE study (Nellthorp, 2007) has estimated a European 
standard value of VSL = 1.5 million  per saved liv e, even though values differ from country to country. (vi) 
Project duration has been assumed 25 year and the discount rate has been assumed 8%, which is high as used for 
high risk projects.   
The outputs of the HEAT project are: (i) The number of lives saved per year as certain health related risks can be 
greatly reduced by doing regular physical exercise (regular cycling).  (ii) The maximum annual benefit which is 
the value of lives saved per year. It is called the maximum benefit because the value refers to the years when 
positive health effects have been fully realized. (iii) The average annual benefit is the annual benefits averaged 
over the live time of the project. (iv) The current benefits or present value of the total benefit during the project 
live time. 
Note that the HEAT analyses estimates only those benefits reflecting the monetary value perceived by the 
people – the amount that someone is willing to pay for a reduced number of death (due to the increase of daily 
physical exercise by bike). These benefits are different from the directly benefits for the society, as for example 
reduced medical expenses, hospital costs or absents from work. 
4.2. Cost- benefit results 
The costs for implementing the bicycle policy in order to achieve the potential bike mode share after 10 years 
have been reduced to pure infrastructure investments. This is probably not the most realistic cost estimate, but it 
is rather a method to quantify the financial efforts to be made as to achieve the target bike mode share. The cost 
calculation for the infrastructure investments has been presented in Sec 3. Finally, benefit/cost ratio is determined 
by dividing the benefits by the infrastructure investments. 
The average lives saved per year, due to the increase the current bike mode share to the potential bike mode 
share (target reached within 10 years) range widely (between 1 and 68). The reason for the low number of lives 
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saved for some partners can be (i) the respective city is already near its potential bike share, or (ii) the new 
(potential) cyclists cycle only very short distances (iii) the city is small.   
The current health benefit, accumulated over a 25 year project period, is shown in Fig. 5. The figures are 
shown for two hypothesis: (a) the bikeways have been implemented with  50% physical and 50% marked lane 
resulting in an average benefit cost ratio of 5.7; or (b)  100% of the bikeways have been implemented by marking 
a bike lanes which yields an average benefit cost ratio of 29.8. 
In all cities, the benefit/cost ratio has been greater than one. Worth mentioning that the benefit/cost ratio is more 
than 5 fold if all bikeways are implemented by marked lanes (Fig. 5(b)) instead of 50% new bikeways and 50% 
marked lanes (Fig. 5(a)).  This is purely an effect of the much lower investment costs of marked lanes, see Table 
1. To estimate the influence of maintenance costs, we assume a fixed sum of 1000  per meter per year f or the 
mixed physical/marked bikeway scenario. The result has been a 10-20% decrease of the benefit cost ratio, all 
ratios remaining above unity. However, the very small city of Comacchio, which is already very close to its target 
bikeway length, obtained an estimated benefit/cost ratio just above one (1.01).  
 
 
(a) (b) 
Fig. 5. Health benefit cost ratio per city. (a) assumption 50% physical/50% marked lane; (b) assumption 100% marked lane. 
5. Conclusions 
These analyses already indicate that the investments in bikeways are consistently less than the estimated 
health benefit according to the HEAT methodology. Even though there remain many doubts about the precision 
and systematic errors of the estimations, the order of total infrastructure costs necessary to convert a city in a top 
cycling city appear to remain far below the investments required for other transport infrastructure of comparable 
length and transport capacity.  
Are the infrastructure investment models valid for all cities? It is important to recognize that the use of the 
linear model may not be accurate for all cities, despite the strong linear relationship. There may be additional 
reasons why bike mode shares are relatively low for some cities, despite a high cycling index. Many factors 
influence bicycling rates, including topography, weather and climate, and more. 
Can these high levels of bicycling be attained in a short time frame? Certainly this is not guaranteed; a 
comprehensive approach is necessary to attract high ridership. Natural limits such as congestion, fuel price spikes 
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and economic crises have strong effects. Complementary actions to reduce car use where bicycling can replace it 
are also effective. Investment in more than just bikeways – but in all the infrastructure, services and accessibility 
that bicyclists need to rely on a bicycle for their daily travel – must be sought as well. The leadership provided by 
Copenhagen and the Netherlands serves as an example of successful transport management.   
The Health Economic Assessment Tool (HEAT) provides a powerful but limited longitudinal CBA for 
investment-generated increases of walking and/or bicycling. The ratios of benefits to costs vary strongly from 
partner to partner but are consistently greater than one. However, because only a limited view of the benefits is 
seen, the true benefits are likely much higher. If the additional benefits of reduced illness; reduced noise and air 
pollution; reduced damage to roadways and historic buildings; better accessibility and urban permeability for old 
and young; and the local economic benefits from cyclists’ increased spending power coupled with increased local 
shopping; plus a more attractive and liveable urban environment and the retention of local funds from imported 
oil, are considered in tandem, a robust economic argument may emerge. Thus, further studies are necessary to 
consider such benefits and reduce the uncertainties encountered in this work. Not only the quantity of data is 
important, but a unified approach already in the data collection is necessary as to reduce systematic errors and  to 
ensure comparability. 
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